Increased arteriosclerosis is associated with high risk of cardiovascular events. Several non-invasive markers for arteriosclerosis have been introduced, such as pulse wave velocity (PWV), augmentation index (AI), and carotid properties assessed by echogram, to estimate the current risk and therapeutic merit of antihypertensives. In this study, 17 hypertensive patients were treated with nifedipine-CR alone for one year, and the non-invasive markers were simultaneously monitored every 3 months. Nifedipine-CR treatment achieved stable blood pressure control, and PWV and AI improved in parallel with the blood pressure. Interestingly, the elastic property of the carotid artery progressively decreased and there was a significant difference between the results at 3 and 12 months (85.8 ± 6.1 vs 72.4 ± 5.0 kPa, P = 0.009). Intima-media thickness of the carotid artery also decreased. In conclusion, nifedipine-CR demonstrated a stable anti-sclerotic quality in hypertensive patients and seems to be prominent in large arteries such as the carotid.
INTRODUCTION
Arterial sclerosis has been recognized as an important cardiovascular risk marker. Pulse wave velocity (PWV) and augmentation index (AI), which are themselves representative markers of arterial sclerosis, are thought to be useful indicators for anti-hypertensive therapy [1] [2] [3] [4] . Echo assessments of the carotid artery, such as intima-media thickness (IMT) and elastic property (Ep), are other markers of arterial status. IMT reflects atherosclerotic status and is a strong predictor for cardiovascular accident [5, 6] , and Ep directly represents arterial stiffness [7] . In addition, the second derivative of photoplethysmogram (SDPTG) reflects arterial aging and sclerosis [8] . While each parameter has advantages for the estimation of arterial status, no individual parameter is without its limitation, or independently sufficient. Although the administration of anti-hypertensive drugs is likely to improve some of the parameters affected during the process of arterial sclerosis, there have been very few reports on the systematic and simultaneous assessment of the effect of the drugs on these parameters. Furthermore, the multilateral assessment of arterial status may be helpful for identifying and selecting suitable antihypertensive drugs.
Ca
2+ channel blockers (CCB) have been reported to possess anti-sclerotic properties in carotid and coronary arteries [9] [10] [11] . In a randomized controlled study, CCB was more effective in reducing central aortic pressure (estimated using radial AI) than -blockers [12] . To evaluate the systematic effects of nifedipine, a representative CCB, recently introduced non-invasive markers of arterial sclerosis, including brachial-ankle PWV (baPWV) and radial AI, and traditional *Address correspondence to this author at the Department of Internal Medicine, Circulatory and Body Fluid Regulation, Faculty of Medicine, University of Miyazaki, 5200 Kihara, Kiyotake, Miyazaki, 889-1692, Japan; Tel: 81-985-85-0872; Fax: 81-985-85-6596; E-mail: t-kita@po.sphere.ne.jp carotid artery scanning, and SDPTG were simultaneously monitored in patients with untreated essential hypertension. Additionally, the anti-inflammatory and anti-oxidant effects of nifedipine were assessed.
MATERIALS AND METHOD

Patients
Eighteen patients were screened and 17 with untreated essential hypertension (55.1 ± 8.0 years of age, 11 men and 6 women) were enrolled in this study. All patients underwent screening examinations including urine and blood tests, electrocardiogram (ECG), chest X-ray, and echocardiography. One patient who was not enrolled was excluded because his blood pressure (BP) was 138/88 mmHg. No patient had received prior medication for hypertension, had heart and renal failure, peripheral artery disease, or a history of cardiovascular accidents. Echocardiogram identified left ventricular hypertrophy (left ventricular mass index > 120 g/m 2 ) in 4 out of the 11 male patients. Two patients had hypercholesterolemia (total cholesterol > 240 mg/dl), and one had hyperglycemia (fasting blood glucose 143 mg/dl), however, no patient had received any prior medication for hyperlipidemia or diabetes mellitus. All 17 patients completed the study and their data were included in the analyses. The study was approved by the ethics committee of the institute, and all patients gave written informed consent.
Protocol
Seventeen patients were treated with nifedipine-controlled release (CR) (20 to 60 mg/day) to achieve a target BP < 140/90 mmHg. The dose of nifedipine-CR was gradually increased in the first 2 to 4 weeks up to 60 mg/day, to achieve the target BP. In the event that the target BP was not achieved with nifedipine-CR 60 mg/day, no additional drugs were administered. All measurements were conducted in our outpatient office in a quiet environment and where a constant temperature was maintained. BP, heart rate and baPWV were measured every 3 months with an automatic waveform analyzer (form PWV/ABI, BP-203RPE; Omron Colin, Komaki, Japan) as reported previously [13] . Not only PWV but also BP and heart rate were measured by the automatic waveform analyzer for all data analyses. Radial AI was automatically calculated from the radial artery waveform obtained from the left wrist in the sitting position using a HEM9010AI tonometer (Omron Healthcare, Kyoto, Japan). Details of the maneuver and the principle have been well documented in a previous paper [14] . SDPTG was measured in the sitting position using an automated photoplethysmometer (DynaPulse SDP-100, Fukuda Denshi, Tokyo, Japan). Details of the maneuver and the principle have also been well documented previously [8] . We used the b/a index and d/a index of SDPTG. Takazawa et al. have suggested that the b/a index might reflect large arterial stiffness and the d/a index peripheral reflection [8] . Duplicated carotid artery scans were performed using a B-mode and M-mode ultrasonographic instrument (iE33, Philips Electronics Japan, Tokyo, Japan) with a 10 MHz frequency scanner. Subjects were placed in the supine position and both the right and left common carotid arteries (CCA) were investigated. The CCAs were scanned comprehensively from the carotid bifurcation to the proximal portion as far as possible. Only one small plaque (2 mm in height) was found in the posterior wall of the right CCA of one patient, and this was excluded from the IMT and Ep assessments. IMT was measured at three points, one cm apart, on the posterior wall of CCA, starting one cm down from the bifurcation. The average of six points (i.e., 3 points from each side X of both CCAs) was taken as the IMT of the patient. Systolic and diastolic diameters of the CCAs were measured approximately 3 cm proximal to the bifurcation by M-mode. Ep was calculated according to the following formula [7] : Strain = (Ds-Dd) mm/Dd mm, Ds; systolic diameter, Dd; diastolic diameter Ep (kPa) = (Ps-Pd) mmHg/strain/7.5 mmHg, Ps; systolic BP, Pd; diastolic BP BP and pulse rate were measured by automated device (HEM-907, Omron Healthcare, Kyoto, Japan). The average of four measurements (duplicated measurements of each side X of both CCAs) was taken as the Ep of the patient.
Blood samples were taken every 3 months and used to measure biochemical parameters and vasoactive factors; all samples were collected in the morning, in the fasting state and with the patient in the sitting position. Blood samples for the determination of adrenomedullin levels were collected in tubes containing 1 g/l of EDTA and 500 kallikrein inhibition units/ml of aprotinin, centrifuged immediately at 4°C, and then stored at -25°C until assayed. The plasma concentration of adrenomedullin was measured by an immunoradiometric assay kit (AM RIA Shionogi, Osaka, Japan). High sensitive C-reactive protein (hsCRP) was measured by latex nephelometry (Dade Behrling, Germany). Blood samples for the determination of the other parameters were also centrifuged immediately on collection at 4°C and the concentrations of these parameters were measured by a commercially available laboratory testing service (SRL, Hachioji, Japan). Urine samples from the second urination of the morning were also collected for assessments of oxidative stress markers (8-isoprostane and 8-hydroxy-2'-deoxyguanosine). These markers were also measured by the same laboratory testing service (SRL) and normalized by the creatinine concentration of the urine.
Statistical Analyses
All statistical analyses were performed using StatView-J software (version 4.5; Abacus Concepts, Inc., Berkeley, CA) on a Macintosh computer. After confirmation of normal distributions for all variables, the significance of differences was evaluated by paired t-test or analysis of variance (ANOVA) followed by Fisher's multiple comparison tests. Relationships between variables were analyzed by simple correlation analysis. Data are expressed as the mean ± SEM, and a value of P < 0.05 was the criterion for statistical significance.
RESULTS
Nifedipine-CR treatment achieved stable BP control within 3 months and this was maintained until the end of the study (Fig. 1) . However, heart rate was not altered by nifedipine-CR (Fig. 1) . Fig. (1) . Time course of systolic and diastolic blood pressure (SBP, DBP) and heart rate (HR). HR was measured by electrocardiogram (ECG). Values are mean ± SEM, *** p < 0.0001 compared to each control value.
The average dose of nifedipine-CR at 12-month was 41.2 mg/day (20 mg for 3 patients, 40 mg for 10 patients and 60 mg for 4 patients); 12 patients achieved the target BP. After 3 months, baPWV and radial AI were also decreased significantly, and these were maintained at stable levels until the end of the study (Fig. 2) . Interestingly, the Ep of the carotid artery decreased progressively and there was a significant difference between the findings at 3 and 12 months (85.8 ± 6.1 vs 72.4 ± 5.0 kPa, P = 0.009, Fig. 2) .
The IMT of the carotid artery was also decreased significantly after one-year of treatment (Fig. 3A) . In addition, the b/a index and d/a index of SDPTG improved following treatment with nifedipine-CR (Fig. 3B) Data concerning blood and urine samples are summarized in Table 1 . Plasma noradrenalin and renin activity were significantly increased after nifedipine-CR treatment. As indicated in Table 1 , other factors including inflammatory and oxidative stress markers did not change. Blood glucose and lipids including triglyceride, total cholesterol and low-density and high-density lipoprotein cholesterol also remained unchanged (data not shown).
DISCUSSION
Non-invasive and convenient devices to assess arterial sclerosis have been developed in Japan and introduced into the clinical setting. An understanding of the significance and usefulness of the markers that can be identified by the devices is accumulating for many diseases or conditions associated with arterial sclerosis. For example, baPWV is increased in patients with hypertension, diabetes mellitus, metabolic syndrome and advanced cardiovascular damages [15] [16] [17] [18] . Furthermore, baPWV improves after antihypertensive treatment [19] [20] , and has been shown to be a good predictor of prognosis [21] . Radial AI has been introduced recently and although clinical data are still limited, nevertheless it has been shown that radial AI was increased in high-risk groups such as hypertensive patients with left ventricular hypertrophy [22] . On the other hand, traditional AI, which was measured on the carotid artery, is closely associated with cardiovascular diseases, especially coronary artery disease, and has a predictive power in cardiovascular accidents [23, 24] . Echography of the carotid artery is another representative marker of arterial sclerosis. IMT of the carotid artery is a well-established marker and an IMT > 0.9 mm is taken as indicative of arterial damage due to hypertension, in the Guideline of ESH/ESC [25] . Carotid arterial echography also provides information of arterial stiffness or elasticity. We used the Ep of the carotid artery as a representative marker of arterial stiffness [7] . Ep indicates necessary pressure to distort definite amount of arterial wall and thus increased Ep means a stiffed artery. Also, the clinical significance of b/a index and d/a index of SDPTG has been reported [8] .
Although these non-invasive parameters are all associated with arteriosclerosis, they do not act in concert. Furthermore, the location of the artery that has the most influence on their status, differs between the parameters. Thus, while baPWV is strongly affected by the condition of the muscular artery of the lower limbs, AI reflects the condition of the large elastic artery, and Ep is representative of the condition of the carotid artery only. These differences bring some independency to the parameters, for example, Qureshi et al. reported that IMT of the aorta was related with AI, but not with PWV [26] . This difference could be detected in this (Fig. 4) . Also, there is a different relationship between organ damage and these parameters, e.g. previous reports have shown that diabetic retinopathy was associated with PWV but not with AI [27] . AI in particular seems to be independent of the other parameters, and this observation led Sakurai et al. to propose that AI may not be a true indicator of arterial stiffness, but an index of wave reflection including PWV [28] . There is also a difference in the response of the parameters to antihypertensive drugs; thus, in antihypertensive patients, while both beta-blockers and an ACE inhibitor/diuretic combination decreased PWV, only the ACE inhibitor/diuretic combination improved AI [2] . Additionally, there is a degree of independence between blood pressure reduction by anti-hypertensive drugs and improvement of PWV [29] . These findings suggest that the multilateral assessment of arterial status may be helpful for evaluating antihypertensive drugs.
In our study, all markers of arterial stiffness and sclerosis were improved following nifedipine-CR treatment (Figs. 2,  3 ). Systematic and simultaneous assessment of the markers clearly showed the anti-sclerotic ability of nifedipine-CR. Simultaneous assessment of several markers can compensate for the weak spots of the individual markers. For example, baPWV is highly BP dependent, while radial AI is not completely independent from BP [14, 20] ; on the other hand, IMT of the carotid artery is not affected by present BP. Heart rate has a direct effect on radial AI [14] and little on baPWV [30] , fortunately, however, average heart rate was unchanged throughout the study (Fig. 1) . The association between parameters, such as baPWV and radial AI, is relatively poor [28] . Even though the number of patients in our study was relatively small, we demonstrated quite weak correlations among baPWV, radial AI, carotid IMT and carotid Ep, with the exception of IMT and Ep (r = 0.54, P = 0.025) at baseline. Therefore, the parallel decrease of baPWV and radial AI could be a strong indication of steady improvement of the arterial sclerosis.
Interestingly, Ep of the carotid artery was progressively improved after 3 months of nifedipine-CR treatment. As is obvious from the equation, Ep is influenced by BP. However, as BP remained stable after 3 months (Fig. 1) , its affect after this time point can be regarded as minimal. Thus it is strongly suggested that this progressive improvement of Ep was caused by organic improvement of the CCA. Additionally, the progressive decrease of IMT suggested beneficial organic alteration of the carotid artery (Fig. 3A) ; certainly IMT has no immediate connection with Ep of the carotid artery. This observation indicates that the effect of nifedipine-CR is prominent in the carotid artery, and an improved performance might contribute to cerebrovascular protection that is of proven benefit in CCB [31] .
Contrary to our expectation and previous reports [32, 33] , nifedipine-CR had a neutral effect on the inflammatory and oxidative stress markers evaluated in this study (Table 1) . Also, nifedipine-CR did not affect the plasma concentration of adrenomedullin, as previously observed with benidipine [20] . On the other hand, nifedipine-CR obviously stimulated renin and sympathetic nerve activities ( Table 1) , probably caused by reflex sympathetic stimulation of the drug [34, 35] . This renin and sympathetic nerve activation may cancel any favorable effects that nifedipine-CR has against inflammatory and oxidative stress markers. Additionally, sympathetic nerve activation could decrease the improvement of baPWV. A similar phenomenon was reported by Munakata et al. [36] ; a relatively small improvement of baPWV following nifedipine treatment was associated with increased plasma noradrenalin in hypertensive patients. The discrepancy in the fall in Ep and baPWV after nifedipine-CR treatment, namely the non-progressive decrease of baPWV, may be caused, partially, by this renin and sympathetic nerve activation. Additional combination therapy to nifedipine-CR treatment to inhibit renin-angiotensin system and/or sympathetic nerve system may provide a more favorable outcome for arterial sclerosis.
The potential limitations of this study merit consideration. First, there was no control group who was treated by other antihypertensive drugs or other interventions, eg strict dietary salt intake restrictions. This made it hard to separate the unique merit of nifedipine-CR against arteriosclerosis from the effect of the accompanying lowering of the blood pressure. Although a multi-treatment arm study may clarify the relative merits of each drug, it is almost impossible to extract pure merit of antihypertensives beyond blood pressure lowering. At least in our present study, nifedipine-CR improved an entire range of arteriosclerosis-related-markers that were capable of responding independently of each other (example in Fig. 4) . Therefore it appears that it is highly probable that this drug can preferentially modify arteriosclerosis. Second, prolonged elevation of catecholamine levels may interfere with the initial merit of nifedipine-CR, for example IMT regression. Longer term observation may be helpful in clarifying this possibility. Third, the number of patients in this study was small, and thus the result must be confirmed in a larger number of participants in a separate study. Furthermore, it is hard to verify completely the inter-relationship or independence of each parameter with this small number of patients.
In conclusion, nifedipine-CR demonstrated a stable anti-sclerotic property in hypertensive patients and it seems to be prominent in the carotid artery. The steady hypotensive effect and anti-sclerotic property of nifedipine-CR should be beneficial for the prevention of cardiovascular accidents in hypertensive patients.
